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ABSTRACT

The report presents mathematical formulas and computat: nal proce-
dures for assessing damage due to blast and fire and for estimating the
fallout hazards from nuclear detonations in urban areas. Major consider-
ation is directed to the delineation of the damage areas for the purpose
of defining the locations and the extent of the areas in which clearance
and repair operations could be carried out, The constraints on these
operations are determined by estimating not only the extent of the com-
bined nuclear effects of blast, fire, and fallout radiation but also the
timing of thke events in the developing environment. The net result of
applying the procedures is a definitive description of the prerecovery
state of the urban population, urban facilities, and urban resources that
would be available for use in recovery operations.
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INTRODUCTION

Background

Knowledge of the type and degree of the postattack operational
problems to be countered by the survivors of a targeted city is of crucial
importance to their continued survival and their capability for organizing
recovery efforts, The nature and scope of the postattack operational
problems will depend on the severity and extent of the damage, the number
of surviving people, the quantities of resources, the extent to which
outside aid may be obtained, and the degree to which applicable preattack
planning and preparation have been carried out, The operational aspects
of recovery are coupled in an important way with the concurrent develop-
ment of an organizational structure capable of functioning eftectively to
guide the operations through the postattack period, To date, no research
effort has been devoted specifically to these combined problems for a
damaged urban environment,

Considerations of the problem for a damaged urban area may be divided
into three classes: (1) technical, (2) operatiornal, and (3) organizational,
Most of the technical problems entailed in assessing the effects of nuclear
weapons are well known and will not be repeated here, except to state that
among the most difficult technical problems are the blast vulnerability
of people in verious structures, and the incidence and spread of fires
from thermal radiation and secondary causes. These problems are currently
being studied, and some progress has been made, For example, slthough no
generalized fire model now exists for making detailed damage assessments
of the thermal effects, a model for estimating significant interior primary
fires has been dovolopod.l In addition, each contemplated survival and
recovary action requires the consideration of technical factors.

As for the operational problems, an excellent summary of the state
«? the art appears in a recent couprehensive study for the Director of
Defsnse Research and Engineering, Department of Defense:3

"Certain operstional-type difficulties became apparent in the
course of this study, The first of these was that differenti-
ations in operationsl critoria between emergency and long-term
operations were not made; in many cases the emergency operational
criteria were also applied to the long~term type recovery opers-
tions with complete neglect of the intermediate emergency opers-
tions., In other words, no model systens have been developed to
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estimate emergency operation requirements for personnel, equip-
ment and supplies, exposure doses, and other needs which would
carry over into the longer term,"

It was also pointed out that the lack of a system for estimating
losses of skills in manpower forced the assumption that certain opera-
tions would be carried out. An additional important deficiency noted
was the lack of stated postattack recovery requirements for goals to be
achieved or outputs to be met. In other words, specific relationships
between the needs of the survivors, the usable resources, and recovery
operations have not yet been derived for the purpose of testing the fea-
sibility of achieving a desired national goal or posture in the postwar
world,

The problems of maintaining a functional organization, degraded by
the effects of an attack, have not been studied in any detail. In the
work cited, these problems were recognized, however, and a statement was
mgde that " , , ., these problems are among the critical unresolved civil
defense problems in terms of real capability of local and higher echelons
of civil defense organizations to carry out operations in nuclear war
environments,"

In the present report, attention is focused on some of the operational
problems of debris clearance and damage repair expected to confront the
survivors in a targeted urban area. Part of the work consisted in inte-
grating the results of other relsted research, such az the research on
techniques of predicting debris production and debris clearance studies,s"lo
and industrial damage and repair,11-14

Objectives and Scope

The objectives of this research are to:

Develop concepiusl and msthematical models for postattack
debris clesrance and repair operstions in targeted metro-
politan arees.

2. Analyze the damage environment and the operational prob-
lems entailed in the recovery of selected facilities by
the survivors in or near s targeted urban area.

Other aspects of the recovery problems of damaged urban areas, not
considered in this report, include procedures for planning and scheduling
the use of dehbris clea ence and repair countermsasures, It {s clear that




preattack preparation is most essential to the successful implementation

of these countermeasures as is the postattack availability of manpower,
equipment, and supplies. Other aspects not discussed in detail include
specifications of the postattack situations in which these countermeasures
may be useful and the training requirements of these operations for devel-
opment of the operational capabilities of local civil defense organizations.

Method of Approach

Two general methods of approach to achieve the objectives are avail-
able: (1) case study analysis and (2) general parametric analysis. The
disadvantage of case study analysis is that generalized conclusions cannot
be drawn from the results. The disadvantage of general parametric analysis
is that details must be smoothed out or may be missed entirely by simpli-
fications and generalizations on whose accuracy the validity of the con-
clusions depesuds.

Depending on objectives, the case study at best might yield results
sufficiently 1usensitive to the particular inputs employed that the study
would have some general merit; but since a priori knowledge of this out-
come is not available, many case studies are required to establish con-
fidence in the general validity of the results. The parametric approach
at best could lead to the identification of certain broad relations whose
characteristics are immediately recognizable as generally applicable, and
hence may be of great utility in identifying the major important variables
for more detailed study. A modification of the parametric approach is
used in the present analysis.

Ma jor consideration in the study was given to the damaged areas of
cities; however, some attention was also given to undamaged areas in which
fallout would be deposited. The urpan areas under study were assumed, in
most cases, to be initially isolated from o°her communities, so that the
recovery eifort within the area depended only on the survivors and remain-
ing resources within the ares.

To obtain information on initial situation conditions and a general
description of the damaged area (as well as the recovery problems), genersl
assessments were made regarding damage from a direct hit by a nuclear
weapon on an urban area. Although the yield range for these assessments
was taken to be 1 to 20 megatons, most of the illustrative calcuiations
were made using an assumed yield of 10 megatons. Emphasis was given to
the surface burst with its attendant stem fallout, mainly because the addi-
tional problems caused by the presence of fallout in the damaged region
have been examined ounly cursorily in the past. For the most part, ouly a
single detonation in the target area was cousidered,
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Plan of the Report

The report begins with information lesding to & descriptivn of ths
demaged region (i.e,, the setting within which dsbris clearance and
repeir operations would take place). A method is devsloped for dnserihing
the timo phasing of the evenie, blest, fire, and fallout, culminiting in
the postattack envircrment of the damaged ares., The fossibility of trans-
attack countermeasure options that could changs thie cutcome is examised
in the light of the combination of events as they would occur. - The rcles
of clearance and repair in the recovery process asre examined, and short-
term and long-ters sctions sxre ldentified. Operastional goals end conceptis
are then proposed, and aguipment and manpowsr cepadilities in various en-
vironments are assessed, The discussion concludes with a description of
the data inputs and functional rslsfionships that would he requirsd for
a specific case study of the recovery of & damaged urban area.




at asomewhere between 7 and 11 miles (provided the city was suifficiently

- THS POJTATTACK GCENE IN A TARGETED URBAN AREA

The expl&ﬁipn.ot 2 13 KT nuclear wesapon over Hiroshima produced one
of only two kiowa uiban aress damaged by the effects of nuclear oxplosion.
Within a radiue of approstwately 6,000 feet from ground zero, inmumerable
fives aspyrang up simost immediately in the densely built-up core of the
city; theze fires grew apd coalesced, forming a firestorm which reached
its maximun intensity sbout 2 hours after burst1%:1€ ang a1d not begin
to subside until sone 4 hours later,l®

Deuse black columng of mingled smoke and dust rose almost at once
over the afflicted area, eventually reaching a height of several miles,
The pall of smoke obscured the sun, so that it some places 30 minutes
elapsed before d=ylight returred. Later, sooty rains that were chilling
to the e#posed gurvivors fell in variocus parts of the city’.16

‘Those who were able made their way on foot out of the burning ruins
to refuge in undamaged parts of the city and to the park across the river,
They wers not threatened with radioactive fallout, although they had no
way of knowing it at the time.

A megaton-range weapon, exploded in the midst of a modern city, would
produce mauny effects similar to those observed in Hiroshima but over a much
larger area. Other effects could be different, depending on the degree to
which the modern city differed from Hiroshima in geometry, type of struc-
ture, and building density (number of buildings per unit area),

It at the time of attack the weather and the target response of a
large city were exactly similar to Hiroshira, and a 10 MT surface burst
were ceatered on the city, the equivalent firestorm radius i1s estimated

large so that exposed fuels existed at those distances). The dust and
smoke clouds zould darken parts of the city for 5 hours; and the smoke
and flying embers at ground level would further impair the vision of those
seeking a way out of the area, If the fire build~up rate were the same

as in Hiroshima, a somewhat smaller fraction of the people would escape

to the fringe of th: burning area because of the longer distances to
travel,

However, most modern cities are not similar to Hiroshima ia struc-
tural types, geometry, and building deusity. In addition, the peak
overpressures unecr ground sero for a 10 MT surface burst are much grester




than the maximum peak overpressures directly at ground zero for the
Hdroshima burat. Thus while the 10 MT suriace burst would cause complete
destruction of structures at greater distance from ground zero than that
observed in Hiroshima, this destruction would retard the burning rate of
the flattened fuels (ms is discusseid later) in the center of the damaged
region, The srea in which mass fires from a direct hit could develop in
the modern city wouid therefore be in the shape of a circular band around
the burst point.

The above differences in target characteristics amd in weapon
effects (as a function of yield and zero-point geometries) indicate that
valid critical extrapolations of the Hiroshime eiperience cannot be made
without considering the details of the individual city., Omn the other
hand, for any city, the effects of a 10 MT surface detcnation would be
much more destructive and widespread than those from a 10 to 20 KT air
burst,

Within 45 minutes after the 10 MT surface burst, radioactive fallout
wculd begin to blanket a roughly circular area around ground zero, extend-
ing 12 to 13 miles upwind and crosswind, In the downwind direction, the
city would be progressively enveloped in fallout from the stem and cloud.
The extent of downwind fallout would be very large compared to city dimen-
sions; hence, most of the fallout from this detonation would pose no
immediate threat to the targeted city, but the fallout could effectively
seal off potential evacuation or access routes in the dowmwind direction
from the city for some period of time, (Fallout from other upwind deton-
ations, however, could complicate the threat situation in the damaged
area and could arrive either before or after the detonation of interest.)

For the single weapon detonation, preattack and transattiack counter-
measure operations can be described so that the geographical disposition
of survivors may be obtained for the start of the postattack period. In
general, the major problem area can be divided into two or three environ-
mental zomes: (1) the central zone of total destruction of all above-
ground structures (except the heaviest of blast resistant structures);
(2) the moderate to light damage zone that encircles the central zone
but in which very 1little fallout is deposited; and (3) a zone with the
dsmage condition of zone 2, but in which the fallout deposit is heavy
enocugh to restrict outside operations.

Except for persons located in high blast resistant shelters, the
survival probability of people in the central zone would be small. The
rate of fire spread and maximum fire intensity attained would depend on
the percentage of fuel in the buildings that are all reduced to debris,
If the central area is a built-up area of the downtown type buildings
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(lsrge, tall stael-irame rsianforcad-comcrate structures), extzasive, rapid
fire spread would be uaiikely, although spotty firee and smouldering embers
would probably exist over a long period af time. The probability of zscape
without external help frow aheltars within high biuat reFigtant structures
would be smail becsuse the sheiters would be buried under the weight of
buiiding debria., If the ceptral area was a residentisl ares of wacd frame
houses, the percentage of fuel in the debris would likely be sufficieat to
cause fire spread but the fireg would be less intense and have a slower
rate of spread than the fires in zons 2. If high blest resistant shelters
have been constructed ia this type of central srea, tbe transatteck
countermeasurs options for the users would be similar to those for the
people located ia the muderate to slight demsge region of zonsd 2, except
that the operational conatraints would be more severe.

Within the circular band of moderate to light damsge area where mass
fires could develop, muany of the nou~ambulatory ianjured and trapped people
{even from a wsrned, iun-shelter populstion for the current shelter program)
wonld die from thke snsuing fire as thay did is Hiroshima, unless they were
rescued or the fires were extinguisked. For the ambulatory survivors,
there would be two additional alternative operational choices: to stay in
shelter {which may de physicaily damaged) and face the fire threat, or to
leave immediately after passage of the blast wave in the hope of reaching
the fire perimeter or a fire-free island before heat rendered passage
through the debris impossible, iIn any case, the next and final direct
threat, the falilout, would have to be faced, with ultimate survival being
dependent upon the combinations of gamma intensity, protection factor, and
stay time in the fallout aresz,

Impediately outside the major problem zones described above, people
in shelter would be in a reaéénnbly grnod position to survive, except that
superficial damage {i.e., no structural damage) such as broken wirdows
and stripped roof coverings could 1mpmif-the shielding integrity of some
of the structures now designzted as fallout shelters. Over most of this
region, depending ca the geography and fallout levels, it might be pos~-
sible for people to drive or even walk out of the fallout area after a
short sheliter astay perled if they krew when to leave and where to go.

Beyond 20 miles or so dowowind from the explosion, where fallout
alone would pose the immediate havard, adequate shelter would virtually
eusure survival, and on balance, the problems encountered by the shelterees
would be very small comparsd with the problems within the damage area around
the burst point,

The above qualitative description of damaged urban areas, in terms of
their recovsry at some time after an atteck, indicates that a very broad




